Re-investigation of the methanolic extract of Anisotes trisulcus (Forssk.) Nees aerial parts led to the isolation of two new tricyclic quinazoline alkaloids, 8-amino-7,8,9,11-tetrahydro-6H-pyrido (7), together with three known compounds, peganine (1), vasicinone (2), and anisotine (3). The structures of these compounds were established on the basis of physical, chemical, and spectral data (UV, IR, MS, 1D and 2D NMR), as well as by comparison with authentic samples. GC-MS analysis of the fatty acid methyl esters and unsaponifiable matter revealed the presence of 46 fatty acids, 53 hydrocarbons, and 18 sterols. The different extracts were evaluated for their antihyperglycaemic activities. The MeOH, n-hexane, and EtOAc extracts exhibited a significant hypoglycaemic effect.
Introduction
The genus Anisotes (Acanthaceae) comprises 23 species (El-Shanawany et al., 2011) . A survey of the traditional and folk uses of A. trisulcus showed that the plant has been used as antidiabetic, bronchodilator, hypotensive, appetite suppressant, and local anaesthetic (Al-Rehaily et al., 2011; El-Shanawany et al., 2011) . In our previous phytochemical study of A. trisulcus we reported on the isolation and identification of one new and two known alkaloids (El-Shanawany et al., 2011) . In continuation of our investigation of A. trisulcus aerial parts, we report here the isolation and structural elucidation of two new tricyclic quinazoline alkaloids and two quaternary ammonium compounds, together with the isolation of three known compounds ( Fig. 1) , as well as the gas chromatography/mass spectroscopy (GC-MS) analysis of the fatty acid methyl esters and unsaponifiable matter. In addition, the antihyperglycaemic activities of the different extracts were evaluated.
Materials and Methods

General
Melting points were not corrected and carried out on an Electrothermal 9100 digital melting point apparatus (Electrothermal Engineering, Essex, UK). EI and FAB mass spectra were recorded on a Jeol JMS.600 H mass spectrometer (Peabody, MA, USA). UV spectra were recorded in MeOH on a Shimadzu 1601 UV/VIS spectrophotometer (Kyoto, Japan). IR spectra were measured on a Shimadzu Infrared-400 spectrophotometer. NMR spectra (chemical shifts in ppm, coupling constants in Hz) were recorded on a Varian NMRYH-400 instrument (Oxford, UK) using DMSOd 6 , CDCl 3 , and C 5 D 5 N as solvents. Column chromatographic separation was performed on silica gel 60 (0.04 -0.063 mm; Merck, Darmstadt, Germany). Thin-layer chromatography (TLC) was performed on TLC plates precoated with silica gel 60 F254 (0.2 mm; Merck). The following solvent systems were used: n-hexane/EtOAc (70:30, v/v; S 1 ), CHCl 3 /MeOH (95:5; S 2 ), CHCl 3 /MeOH (90:10; S 3 ), CHCl 3 /MeOH (80:20; S 4 ), and CHCl 3 /MeOH (70:30; S 5 ). Authentic alkaloids were obtained from the Department of Pharmacognosy, Faculty of Pharmacy, Assiut University, Assiut, Egypt. Gliclazide, as a reference antidiabetic, was purchased from Sigma-Aldrich (St. Louis, MO, USA). Spots were detected by spraying with Dragendorff's reagent. 
Plant material
Aerial parts of
Extraction and isolation
The air-dried powdered aerial parts of A. trisulcus (2.5 kg) were exhaustively extracted by cold percolation with MeOH. The methanolic extract was concentrated under reduced pressure to get a viscous residue (270 g) which was suspended in 500 mL distilled H 2 O and subjected to solvent fractionation using n-hexane, CHCl 3 , EtOAc, and n-BuOH, respectively. The fractions were separately concentrated to give 60, 40, 20, and 70 g, respectively. The CHCl 3 fraction (40 g) was subjected to vacuum-liquid chromatography (VLC) using n-hexane/EtOAc gradient elution; five subfractions were obtained, CA-I to CA-V. Subfraction CA-III (8 g) was chromatographed on a silica gel column (250 g, 100 cm × 5 cm) using an n-hexane/EtOAc gradient. The fractions eluted with n-hexane/EtOAc (90:10, v/v) yielded compounds 1 (50 mg, colourless needles) and 2 (40 mg, colourless needles). Subfraction CA-IV (6.5 g) was subjected to a silica gel column (250 g, 100 cm × 5 cm) using an n-hexane/EtOAc gradient. Similar fractions were grouped together, and those eluted with n-hexane/EtOAc (80:20) were further purified over a silica gel column to yield compound 3 (20 mg, orange needles). The EtOAc fraction (20 g) was subjected to VLC with CHCl 3 /MeOH gradient elution. Six subfractions were obtained, EA-I to EA-VI. Subfractions EA-IV (3.5 g) and EA-V (1.5 g) were subjected to a silica gel column eluted with a CHCl 3 /MeOH gradient to afford compounds 4 (12 mg, brown needles) and 5 (10 mg, brown fine needles), respectively. A part of the n-BuOH fraction (8 g) was subjected to a silica gel column (320 g, 100 cm × 5 cm) eluted with a CHCl 3 /MeOH gradient. Four subfractions were obtained, BA-I to BA-IV. Subfraction BA-I (2.5 g) was chromatographed on an aluminium oxide column (80 g, 100 cm × 5 cm) and eluted with a CHCl 3 /MeOH gradient. Fractions eluted with CHCl 3 /MeOH (95:5) afforded compound 6 (5 mg, colourless needles). Subfraction BA-II (2.5 g) was subjected to aluminium oxide column chromatography using CHCl 3 /MeOH as an eluent. Fractions eluted with CHCl 3 /MeOH (90:10) yielded compound 7 (20 mg, colourless needles). The other subfractions had been previously investigated by us (El-Shanawany et al., 2011) . 8, 9, 8, 
8-
GC-MS analysis of the unsaponifiable matter and fatty acid composition
Five g of the n-hexane fraction were refluxed with 0.5 M ethanolic KOH for 3 h on a boiling water bath. Thereafter the alcohol was distilled off, and the aqueous liquid was diluted with distilled water and then extracted with diethyl ether till exhaustion to give unsaponifiable matter. The aqueous solution (soap) that remained after removal of the unsaponifiable matter was treated in the same way as previously mentioned to afford the fatty acid methyl esters (FAMEs) (Ali et al., 2013) . GC-MS analysis of the FAMEs and unsaponifiable matter was performed using an Agilent GC-MS spectrometer (Agilent Technology, Waldbronn, Germany). The software controller/integrator was Turbo Mass, version 4.5.0.007 (PerkinElmer, Rodgau, Germany). A GC-MS capillary column [3 % methyl phenyl silicon type of stationary phase (OV-17) on 80/100, Carbowax HP (CWHP), 30 m × 0.53 mm ID×3.0 µm df; Perkin Elmer] was used. The carrier gas was helium (purity 99.9999 %) at a flow rate of 2 mL/min. The column temperature program was as follows: 160 • C for 2 min, then increase at 15 • C/min till 300 • C, and isothermal for 15 min. The injector temperature was 250 • C, the injection volume was 1.0 µL, and the split ratio was 40:1. The detector temperature was 320 • C using a dual flame ionization detector. MS scan was from m/z 50 to m/z 650.
Antihyperglycaemic activity
Adult male albino mice weighing 20 -25 g were used. The animals were housed under standardized environmental conditions in the pre-clinical Animal House, Pharmacology Department, Faculty of Medicine, Assuit University, Assiut, Egypt. The animals were fed with standard diet and had free access to water. They were kept at 24 -28 • C temperature, 60 -70 % relative humidity, and a 12 h:12 h light/dark cycle for one week to acclimatize to the environmental conditions. The work was conducted in accordance with the internationally accepted principles for laboratory animals', use and care as found in the European Community Guidelines and approval of the Institutional Ethical Committee was obtained (Mohammed et al., 2011) .
The antihyperglycaemic activity of the test extracts was screened in albino mice, which received different doses of glucose [1 -5 g/kg body weight (BW)] orally (Al-Awadi et al., 1985) . Overnight fasting mice (18 h) received solutions of the different extracts (400 mg/kg BW) with glucose load (2.25 g/kg BW) orally using a stomach tube at 0 min. The animals were divided into five groups of six animals each. Group I received glucose load only (2.25 g/kg BW). Group II received glucose load and the n-hexane extract at 400 mg/kg BW. Group III received glucose load and the CHCl 3 extract at 400 mg/kg BW. Group IV received glucose load and the EtOAc extract at 400 mg/kg BW. Group V received glucose load and the total MeOH extract at 400 mg/kg BW. Group VI received glucose load and gliclazide at a dose of 2 mg/kg BW. Blood samples were withdrawn from the cavernous sinus at 0, 30, 60, 90, 120, and 180 min, and the blood glucose level, in mg/dL, was determined.
Statistical analysis
Data were analysed using Student's t-test, and the values were expressed as mean ± S.E. (n = 6 animals).
Results and Discussion
Compound 4 was obtained as brown fine needles. It gave positive results for alkaloids with Mayer's and Dragendorff's reagents (Harborne, 1984) . Its mass and 13 C NMR spectral data suggested the presence of a tricyclic quinazoline system with the molecular formula C 12 H 15 N 3 O 2 , which is 29 mass units (CHNH 2 ) more than that of 7-hydroxyvasicine (ElShanawany et al., 2011) . The 1 H and 13 C NMR spectra combined with the mass spectral data confirmed the presence of the tricyclic quinazoline system (Joshi et al., 1994; Arndt et al., 1967) . The 1 H NMR spectrum (Table I) (C-8), which was confirmed by a downfield signal at The attachment of the hydroxy and amino functions to C-2, C-6, and C-8 was confirmed by comparing the 1 H and 13 C chemical shifts of 4 with those of 7-hydroxyvasicine (El-Shanawany et al., 2011) . The DEPT and 13 C NMR experiments displayed twelve signals; three for methylene groups, five for methine groups, and four for quaternary carbon atoms. On reviewing the literature, the spectral data of 4 were found to be identical with those of 7-hydroxyvasicine (ElShanawany et al., 2011) except for the presence of an amino-substituted methane group. Thus, the structure was determined as 8-amino-7,8,9,11-tetrahydro-6H-pyrido[2,1-b]quinazoline-2,6-diol ( Fig. 1 ) and found to be a new natural product.
Compound 5 was isolated as brown needles. It gave positive Mayer's and Dragendorff's tests for alkaloids (Harborne, 1984) . Its mass and 13 C NMR spectra (Table I) suggested the presence of a tricyclic quinazoline system (Joshi et al., 1994; Arndt et al., 1967) . The EI mass, together with 1 H and 13 C NMR spectra suggested the molecular formula C 12 H 13 N 3 O 3 , which is 14 mass units more than the mass of 4. The DEPT and 13 C NMR spectra displayed twelve signals; two for methylene groups, five for methine groups, and five quaternary carbon atoms including one amide carbonyl carbon atom at δ C 160.3 ppm (C-11). The 1 H and 13 C NMR spectral data of 5 were similar to those of 4, with the exception that the signals for the methylene group at δ H 4.75 (d, J = 15.8 Hz, H-11A) and 4.63 ppm (d, J = 15.8 Hz, H-11B)/δ C 45.9 ppm (C-11) were missing and that a new signal appeared for a carbonyl moiety at δ C 160.3 ppm (C-11). The carbonyl moiety was confirmed by an IR absorption band at 1615 cm −1 . Also, two hydroxy functions at δ H 10.0 (3-OH) and 5.95 ppm (6-OH) were observed. They were confirmed by the appearance of an absorption band in the IR spectrum at 3350 cm −1 (ElShanawany et al., 2012) and fragment ion peaks at m/z 230 ([M − OH] + ) and 213 ([M − 2OH] + ). The 1 H NMR spectrum also exhibited three coupled aromatic protons at δ H 7.25 (1H, dd, J = 8.7, 2.7 Hz), 7.42 (1H, d, J = 2.7 Hz), and 7.55 ppm (1H, d, J = 8.7 Hz) suggesting the presence of an 1,2,4-trisubstituted benzene. On the basis of the above mentioned data, 5 was assigned as 8-amino-3,6-dihydroxy-7,8,9-trihydro-6H-pyrido[2,1-b]quinazoline-11-one (Fig. 1) . To our knowledge, this represents the first report on its identification from a natural source.
Compound 6 was isolated as colourless needles. It gave a brick red colour with Dragendorff's reagent which suggested it to be a quaternary ammonium compound (Harborne, 1984) . Its HRESITOF-mass spectrum exhibited pseudo-molecular ion peaks at m/z 169.0998 ([M + H] + ) and 171.0893 ([M + 2H] + ) in a ratio of 3:1 indicating that it is a chloride salt (Silverstien and Wabster, 1998 ). The mass, 1 H, and 13 C NMR spectra (Table II) suggested the molecular formula to be C 6 H 17 N 2 OCl. The 1 H NMR spectrum showed the presence of two singlets at δ H 3.32 [2-N(CH 3 ) 2 ] and 3.10 ppm [4-N(CH 3 ) 2 ] assigned to four N-CH 3 groups. They were confirmed by the 13 C NMR signals at δ C 55.6 and 53.6 ppm, respectively (Wu et al., 1994) . In addition, two multiplets each for two protons at δ H 3.81 and 3.38 ppm assigned for two nitrogen-bound methylene groups. They were observed at δ C 67.4 ppm in the 13 C NMR spectrum. et al., 1990), 6 was identified as (dimethylamino)-N-(hydroxymethyl)-N,N-dimethyl methanaminium chloride ( Fig. 1) and considered a new compound. According to the available literature, quaternary ammonium compounds were traced in Acanthus montanus and Crossandra nilitoca (subfamily: Acanthoideae) (Hegnauer and Kooiman, 1978) . To the best of our knowledge, this represents the first report on the identification of such a compound from a natural source. The presence of such compounds in plants has been related to salt stress conditions (Wyn and Storey, 1981) , and some mangrove plants have been found to accumulate large amounts of quaternary methyl ammonium compounds (Hegnauer and Kooiman, 1978) . Compound 7 was obtained as colourless needles. It gave a brick red colour with Dragendorff's reagent suggesting that it is a quaternary ammonium salt (Harborne, 1984) . The HRESITOF-mass spectrum displayed pseudo-molecular ion peaks at m/z 169.1016 ([M + H] + ) and 171.0919 ([M + 2H] + ) in a ratio of 3:1 indicating that it is a chloride salt (Silverstien and Wabster, 1998) . Its molecular formula was determined to be C 5 H 13 N 2 O 2 Cl, representing one degree of unsaturation attributed to a carbonyl group, which was confirmed by an IR absorption band at 1615 cm −1 . Also, the IR spectrum exhibited absorption bands at 3475 -3290 (OH or NH stretching) and 1545 (NH bending) cm −1 . The 1 H NMR spectrum (Table II) showed two singlets at δ H 4.24 and 3.17 ppm, which were assigned to N-CH 2 and trimethyl ammonium groups, respectively. The singlet at δ H 8.07 ppm was attributed to an NH group and confirmed by an IR absorption band at 3475 cm −1 . The 13 C and DEPT NMR spectra together with the HMQC spectrum showed the presence of three signals at δ C 53.1 (3 × N-CH 3 ), 62.9 (C-3), and 166.6 ppm (C-1). The chemical shifts of N-CH 2 and trimethyl ammonium groups were consistent with those in the literature (Robertson et al., 1990; Jensen et al., 1988) . The assignment of 7 was secured from HMBC correlations of H-3 to C-1, N-CH 3 to C-1 and C-3, and N-CH 3 to C-3 (Fig. 1) . By comparison with the literature data together with those obtained from 1D and 2D NMR spectra, the structure of 7 was unambiguously elucidated as N-[(carboxyamino)methyl]-N,N-dimethyl ethanaminium chloride (Fig. 1) .
The other isolated compounds were identified as peganine (1) (Joshi et al., 1994; Al-Azizi, 1997; AlRehaily et al., 2002) , vasicinone (2) (Joshi et al., 1994; Al-Azizi, 1997; Al-Rehaily et al., 2002) , and anisotine (3) (Arndt et al., 1967; Al-Azizi, 1997) (Fig. 1) by comparison of their physical and spectral data with those in the literature.
GC-MS analysis of the FAMEs (fatty acid methyl esters) of the n-hexane extract revealed the presence of 46 fatty acids (Table III) . The major fatty acids identified were hexadecanoic acid methyl ester (15.0 %), octadecanoic acid methyl ester (5.9 %), (Z)-9-octadecenoic acid methyl ester (5.4 %), 9,11-octadecadienoic acid methyl ester (3.3 %), tetradecanoic acid methyl ester (3.1 %), and tetracosanoic acid methyl ester (3.1 %). While, GC-MS analysis of the unsaponifiable matter showed the presence of 53 hydrocarbons representing 34.0 % and 18 sterols representing 38.9 % (Table IV) . The compounds were identified by comparison of their retention time and molecular weight with those of reference standards. This study is the first report on the composition of the lipids of the studied plant.
To determine the antihyperglycaemic activity, the MeOH extract and its n-hexane, CHCl 3 , and EtOAC extracts were given to mice concurrently with the glucose load at a dose of 400 mg/kg BW. A significant hypoglycaemic effect was observed after 1 h and this continued for 2 h, while the CHCl 3 extract was least active (Table V) . These results support the use of A. trisulcus (Forssk.) Nees as an antidiabetic in folk medicine. These are likely due to the extracts' high content of sterols and their corresponding glycosides, flavonoids, and other phenolic compounds.
Conclusion
Two new tricyclic quinazoline alkaloids and two quaternary ammonium compounds, together with three known compounds, were isolated from aerial parts of A. trisulcus (Forssk.) Nees and their structures elucidated. GC-MS analysis of the fatty acid methyl esters and unsaponifiable matter is reported for the first time. The MeOH, n-hexane, and EtOAc extracts exhibited significant hypoglycaemic effects.
